Study design: Retrospective, descriptive study of medical files 253 patients with chronic traumatic spinal cord injury (SCI). Objectives: To determine the frequency of cardiovascular disease (CVD) risk factors in SCI people, to estimate CVD risk in this population according to the Framingham Risk Score (FRS) and to determine whether reduced lung function parameters are significant predictors of diabetes mellitus (DM) and hypertension. Setting: Academic Rehabilitation Hospital. Methods: Demographic and clinical records of the patients and lung function parameters were obtained. Results: The FRS could not be calculated in 26 (10.3%) patients because this tool is designed for adults aged 20 years and older. According to the FRS guideline,~6.7% of the SCI patients had high risk, 5.9% of them had intermediate risk and 77.1% of the study group had low risk for CVD. Regression analysis showed that impaired lung function parameters (FEV1, FVC and MVV) were significant predictors for the future development of hypertension (odds ratio ( 
INTRODUCTION
Increased long-term survival in the spinal cord injury (SCI) population brings an onset of new medical problems that were not present at the time of injury. Early onset of cardiovascular disease (CVD) and premature coronary heart disease (CHD) have been observed in this population. [1] [2] [3] [4] [5] Combined, ischemic and nonischemic heart disease is the most common cause of death in these people at least 1 year post injury, accounting for~40% of the deaths. 2, 3, [5] [6] [7] Therefore, early identification, prevention and management of CVD risk factors are important in order to reduce CVD mortality and morbidity in people with SCI.
Physical inactivity and reduced aerobic fitness, decreased lean body mass and increased adiposity, abnormal glucose homeostasis and increased prevalence of diabetes mellitus (DM), abnormal lipoprotein profiles with elevated low-density lipoprotein, triglycerides and total cholesterol levels, and lower high-density lipoprotein (HDL), abnormal hemostatic and inflammatory markers, and increased activation of the renin-angiotensin-aldosterone system and hypertension are suggested as specific risk factors for CVD in this population. [3] [4] [5] [6] Respiratory dysfunction is also an important cause of morbidity and mortality in people with SCI. [8] [9] [10] [11] [12] Denervation of the respiratory pump (reduced respiratory muscle force and fatigue), impaired cough, increased secretions and bronchial tone, and reduced chest wall and lung compliance are the causes for respiratory dysfunction and complications seen in this population. 8, 9, 12 Because of reduced inspiratory muscle force, lung volumes and flow rates including forced vital capacity (FVC) and forced expiratory volume in 1 s (FEV1) are diminished immediately after the injury. 8, 9, 12, 13 In the general population, there is strong evidence that people with lower lung function measures (in the absence of overt respiratory symptoms or disease) have a higher risk for developing DM and hypertension. 4, [14] [15] [16] [17] [18] [19] [20] [21] [22] Lung function predicts the development of insulin resistance or DM, 14, 15, 20, 21 and it is also a useful predictor of subsequent development of hypertension in able-bodied people. [16] [17] [18] 22, 23 Although CVD is a major cause for mortality in the SCI population, it is not yet known whether the same association between reduced lung function and future development of DM and hypertension exists in people with SCI.
The major CVD risk factors for able-bodied individuals are hypertension, cigarette smoking, family history of premature CVD, age and low HDL level. [2] [3] [4] 6, 24 Furthermore, DM is regarded as a CHD equivalent. 24 Nearly all risk factors for CVD have been found to be more prevalent in SCI subjects compared with able-bodied subjects. [1] [2] [3] [4] 6, 20 The Framingham Risk Score (FRS) is a widely accepted global risk algorithm using multiple risk factors such as age, sex, total cholesterol, HDL, smoking, systolic blood pressure and the use of blood pressure medication to estimate the 10-year CHD event risk in individuals not previously diagnosed with heart disease. 5 FRS is a valid score for CVD risk estimation and has been used in multiple ethnic group investigations, as well as in the SCI population. 1, [25] [26] [27] The aims of this study were to determine the frequency of CVD risk factors in people with chronic traumatic SCI, to estimate CHD risk in this population according to the Framingham risk model and to determine whether reduced lung function measures are significant predictors of DM and hypertension.
MATERIALS AND METHODS Participants
Two-hundred and fifty-three patients with chronic traumatic SCI (duration of 420 months) who were admitted to the inpatient rehabilitation department of an academic rehabilitation hospital between January 2010 and July 2014 were retrospectively studied. Ankara Physical Medicine and Rehabilitation Training and Research Hospital is located in the Turkey's capital. This institution is a center of excellence, providing comprehensive rehabilitation services (with 300 beds for inpatients) to the patients needing rehabilitation interventions, as it is the biggest inpatient rehabilitation hospital of Turkey, where patients from all over the country are accepted.
The patients with SCI who had known hypertension, impaired fasting glucose or DM, low HDL level or dyslipidemia and CVD before traumatic injury were excluded from the analysis. The patients who had SCI due to reasons other than trauma were also excluded.
The protocol for the study was approved by the local research ethics committee.
Data collection
Sixty-nine females and 184 males (with a mean age of 35.7 ± 14.4 years) were included in this study. An experienced Physical Medicine and Rehabilitation Specialist reviewed all clinical records and the routine laboratory measurements that were obtained in the first week of the patient's admission to the hospital.
The data collected for each patient included the patients' demographic features, time since injury, neurologic level of injury, completeness of the lesion, type of SCI score-paraplegia versus quadriplegia, American Spinal Injury Association Impairment Scale (AIS) score, ambulation level (wheelchair-dependent or ambulate with orthosis), systolic and diastolic blood pressure and the presence of hypertension (antihypertensive use or newly diagnosed at entry), fasting blood glucose and the presence of DM (use of any hypoglycemic agents or newly diagnosed at entry), electrocardiographic (ECG) abnormalities, the level of C-reactive protein (CRP), smoking status, the level of serum HDL and the body mass index (BMI). The clinical records including a history of CHD, peripheral arterial disease, abdominal aortic aneurysm and symptomatic carotid artery disease, pulmonary emboli and deep venous thrombosis were also recorded.
Risk factors
Hypertension was defined as an elevated blood pressure of 140 mm Hg systolic and/or 90 mm Hg diastolic 24 or being on an antihypertensive treatment. A fasting glucose level higher than 110 mg dl À1 according to the report of the Expert Committee on the Diagnosis and Classification of DM 28 or the use of an antidiabetic treatment was considered as diagnostic for impaired fasting glucose and DM. Low HDL level was defined as less than 40 mg dl À1 . 24 The BMI was calculated as weight (kg)/ height 2 (m 2 ) for each patient.The SCI population has no specific definition for overweight and obesity. 1, 29 The prevalence of overweight (a proportion of the patients with a BMI of 25 kg m À2 or higher) and obese (a proportion of the patients with a BMI of 30 kg m À2 or higher) in the study population was determined using the calculated BMI.
Lung function
The Lung Function data including FVC, FEV1 and maximum voluntary ventilation (MVV) were obtained by the application of the spirometry system procedures using a hand-held spirometer (Sensormedix, Vmax29, Yorba Linda, CA, USA) during the first week upon the patient's admission to the hospital. The measurements were expressed as percentages of the normal predicted values. Eighty percent of the predicted maximum or greater were accepted as normal.
Framingham risk score
The FRS was used to represent a SCI patient's 10-year risk for having a CHD. 1, 25, 26 The FRS was calculated on a web-based calculator (http://cvdrisk. nhlbi.nih.gov). This CHD risk tool is designed for adults aged 20 and older. The FRS groups were defined by risk percentages (i.e. Lowo10% CHD 10-year risk, intermediate410 and o20% CHD 10-year risk, high 420% CHD 10-year risk or DM).
Statistical analyses
The data were analyzed using SPSS 20.0 for Windows (SPSS, Chicago, IL). The frequency and descriptive statistics were calculated. The descriptive statistics were presented as mean ± s.d. for the continuous variables, whereas they were presented as median (min-max) for the categorical variables. The medical records for the BMI could not be found for 60 patients. For those patients without the BMI scores, the single imputation method was used by mean substitution. The missing values of BMI were replaced with the sample mean in this method.
The relationships among DM, hypertension, HDL, FRS and the patients' demographic and the clinical variables were analyzed using the Spearman's correlations coefficients. Age, sex, the neurologic level of injury, completeness of the lesion, the type of SCI score, the AIS score, ambulation level, BMI, CRP and lung function parameters including FVC, FEV1 and MVV were used as independent variables to assess their predictability on the development of hypertension, DM and low serum HDL in the logistic regression analysis. A multiple linear regression analysis was also used to investigate the influence of the same independent variables to predict FRS. Stepwise backward method was used in logistic and multiple linear regression analysis.
Results
The clinical and demographic characteristics of the SCI subjects are shown in Table 1 and laboratory findings and pulmonary function test measurements are shown in Table 2 .
Hypertension was present in 33 patients (13.0%). Impaired fasting glucose and DM were observed in 23 patients (9.1%). Most of our patients (85%) had a low HDL level. Twenty-two (8.7%) patients were under an antihypertensive treatment; 13 (5.1%) patients were using antidiabetics, whereas 1 (0.4%) of them was receiving a lipid-lowering drug. Also, 55 (21.7%) patients were following a low-saturated-fat and low-cholesterol diet; 48 (18.9%) patients were performing physical activities, and 80 (31.6%) of them were applying weight control as other types of therapeutic intervention for CVD after the traumatic injury period.
The FRS could not be calculated in 26 (10.3%) patients because this tool is designed for adults aged 20 years and older. According to the FRS guideline, 6.7% of the SCI patients had high risk, 5.9% of them had intermediate risk and 77.1% of the study group had low risk for CVD. Nearly 12.6% of our patients were identified as requiring therapeutic intervention for CVD.
A total of 80 patients (31.6%) were overweight and obese. The mean CRP was 1.15+2.28. Of all patients with SCI, 30% of them had higher CRP levels. One hundred forty-one (55.7%) SCI patients had reduced MVV, whereas 162 patients (64%) had reduced FVC and 136 (53.7%) of the study group had reduced FEV1 values. Table 3 shows the univariate correlations among clinical/demographic variables and HT, DM, low HDL level and FRS. A regression analysis was conducted to investigate whether clinical and demographic variables impact hypertension, DM, HDL and FRS in our patients. The age, BMI, ambulation level, MVV, FEV1 and FVC were significant predictors of DM (Table 4 ) and the age, BMI, MVV, FEV1 and FVC were significant predictors of hypertension (Table 5) . Furthermore, gender, neurologic level of C3-C8 and T1-T6, and ambulation level were significant predictors of a low HDL level (Table 6) . Age, sex, the type of SCI score, the neurologic level of injury and MVV were significant predictors of FRS (Table 7) .
DISCUSSION
This study demonstrated that the reduced lung function measures including FVC, FEV1 and MVV were significant predictors of DM and Description of the determinants: sex was coded as 1 = female, 2 = male. Type of SCI score was coded as 1 = tetraplegia, 2 = paraplegia. Completeness of the lesion was coded as 1 = complete injury, 2 = incomplete injury. AIS score was coded as 1 = A, 2 = B, 3 = C, 4 = D. Neurologic level of injury was coded as 1 = C3-C8 level, 2 = T1-T6 level, 3 = T7-T12 level, 4 = L1-L4 level. Ambulation level was coded as 1 = non-ambulatory, 2 = ambulatory. All the statistically significant values are written in bold.
hypertension in chronic SCI patients. A recent literature survey confirms that this is the first study that investigated the association between reduced lung function and CVD risk factors including hypertension and DM in the SCI population. FRS is a valid score for CVD risk estimation and has been used in multiple ethnic group investigations, as well as in the SCI population. 1, [25] [26] [27] Although the FRS model is commonly used to predict CVD risk in people with SCI, the population-specific factors such as physical inactivity and reduced aerobic fitness, obesity and increased adiposity, autonomous system impairment and inflammatory risk markers are not incorporated in this model. Thus, it has been suggested that FRS may underestimate the CVD risk in the SCI population. 25 To date, despite the disadvantages of this general risk estimation model, a SCI-specific CVD risk prediction model has not been developed.
Two studies have reported that one-third of people with paraplegia had moderate-to-high risk for CVD and required therapeutic intervention according to FRS. 1, 25 Two other recent studies also found that 15.6 and 10% of the patients with paraplegia and quadriplegia had moderate-to-high risk for CVD by using FRS, respectively. 26, 30 According to the FRS guideline,~6.7% of our patients had high risk, 5.9% of them had intermediate risk and 77.1% of the study group had low risk for CVD. In total, 12.6% of our SCI patients were identified as requiring therapeutic intervention.
The Framingham heart study 31, 32 and other authoritative guidelines 33, 34 reported that HDL is an independent and inverse coronary risk factor. Furthermore, low HDL predicts an increased incidence of CVD independent of other risks including a high lowdensity-lipoprotein level. 31, 32 To date, a low HDL level is accepted as one of the major risk factors for CVD in able-bodied population, [2] [3] [4] 6 and it has been found as depressed in the SCI population. [2] [3] [4] [5] 20, 26 In the present study, most of our patients (85%) had a low HDL level.
Low HDL level in the SCI population has been explained by lower physical activity and immobilization. [2] [3] [4] [5] 26 Furthermore, a significant inverse relationship has been found between the degree of neurologic deficit and mean serum HDL in these patients. 2 Correlating with these explanations, we showed that a higher neurologic level of injury and wheelchair dependency were significant predictors of a low HDL level in our SCI population.
Therapeutic interventions include low-saturated-fat and lowcholesterol diet, smoking cessation, physical activity, weight control and the medications that are the cornerstones of treatment for lowering CVD risk in able-bodied population. 2, 20 Although nearly 12.6% of our patients were identified as requiring therapeutic intervention by using FRS and 85% of them had Low HDL as an independent coronary risk factor, most of our SCI patients were not receiving specific interventions for lowering CVD risk at the time of the study. Little attention seems to be paid to the modifiable CVD risk factors, probably because these patients are free from CVD symptoms or disease.
Both cross-sectional and longitudinal studies have reported that the reduced lung function parameters are associated with an increased risk for the future development of prediabetes/DM in the general population, independent of age, BMI, smoking, exercise and alcohol use. 14, 15, 21, [35] [36] [37] Furthermore, impaired lung function presents before the development of diabetes. 14, 15, 21, 36, 38, 39 The metabolic stage between normal glucose homeostasis and DM is called prediabetes, and this stage is presented with increased fasting glucose or impaired glucose tolerance. 40 Prediabetes is a risk factor for CVD. 41 It has been observed that 30% of the subjects with prediabetes developed DM during the 3-5-year follow-up.
Although the exact mechanism for the association between reduced lung function and prediabetes/DM is clearly not known, possible mechanisms for the link between lower lung function and prediabetes/DM have been suggested as hypoxemia-induced insulin resistance, a common inflammatory process and a low level of respiratory muscle strength. 14, 21 Reduced lung function is associated with a diminished capacity of maximum oxygen uptake, which is considered to be the best measure of cardiorespiratory fitness and exercise capacity. Reduced exercise capacity eventually results in insulin resistance and DM. 21 Reduced lung function is also associated with systemic inflammation in the general population. 42, 43 Some previous studies indicated that proinflammatory cytokines such as CRP, fibrinogen and IL-6 may have a role in the pathogenesis of DM. 14, 36 Cohort studies have shown that the reduced lung function parameters are strong, inverse predictors for the future development of hypertension in the able-bodied population. 14, 16, 17, 19, 22, 44, 45 In addition, it has been reported that, although the changes in lung function were predictive of incident hypertension, changes in blood pressure were not predictive of loss of lung function. 19 Furthermore, it has been found that the incidence of CVD and death associated with hypertension is increased in the presence of reduced lung function. 46, 47 Although the reasons for the association between the reduced lung function and hypertension are not clearly known, it has been speculated that the loss of lung elastic recoil, reduced chest wall compliance and decreased respiratory muscle strength may be paralleled by a nonatherosclerotic reduction in vascular elasticity that results in an increase in arterial blood pressure. 48 Epidemiological studies have also determined an association between reduced lung function and increased levels of markers of inflammation in healthy subjects. 42, 43 Inflammation may also affect the arterial system and cause the development of hypertension. Indeed, a relationship between the CRP and arterial stiffness has been shown in asymptomatic subjects. 49, 50 CRP has also been found to be elevated in both acute and chronic SCI. 3, 51 Because of denervation of the respiratory pump respiratory muscle strength is reduced after the onset of SCI. MVV is used as an index of inspiratory muscle strength. 52, 53 Of all of our patients with SCI, 55.7% of them had a MVV o80% of the predicted maximum. This finding pointed out that more than half of our patients have evident respiratory muscle weakness. Moreover, reduced inspiratory muscle force immediately after the injury causes lower lung volumes and flow rates. Of all study groups, 64% of our patients had reduced FVC and 53.7% of them had reduced FEV1 values. We suggest that impaired lung function occurring right after the injury may contribute to early development of hypertension and DM, which may eventually lead to premature CVD in SCI population.
The current study has some limitations. First, the design of the study does not allow determination of whether the long-term changes in lung functions are associated with hypertension and DM in the SCI population. Also, the risk of CVD may have been influenced by early lifestyle factors, which could not have been investigated in this study.
The sample size was relatively small, and the data used were obtained only from one rehabilitation hospital. In addition, it might be perceived as if there is some form of selection bias present in our study, and our sample is a biased representative for the population of all former inpatients. However, this is not the case, and there is no presence of selection bias as our hospital regularly readmits of all former patients for a follow-up treatment as further explained in the following. Currently, in Turkey, there are only a few optimal rehabilitation hospitals providing comprehensive rehabilitation services to the patients needing rehabilitation interventions. Furthermore, these centers are located only in a few major cities. Our academic rehabilitation hospital is the biggest inpatient rehabilitation hospital of Turkey. Therefore, we accept patients from each and every village, town and city across Turkey.
Because of the fact that there is only a limited number of optimal rehabilitation centers in Turkey and also most of the patients with SCI have to travel long distances to attend these hospitals from their hometowns, the patients are re-admitted for inpatient rehabilitation to the centers as many times as needed in order to evaluate, control, prevent, treat and rehabilitate acute and chronic medical conditions/ complications seen in SCI patients. Thus, our sample is an unbiased representative for patients with SCI, and there is no presence of selection bias.
Some of our conclusions are limited based on the grounds that this study was a retrospective study design of medical files and also might constitute a potential for temporality bias in our study. Although the conclusions of the study are based on sound data and the methodologies, further prospective studies are necessary to generalize the conclusions of this study.
Despite the fact that our study demonstrated that reduced lung function parameters were significant predictors of DM and hypertension in chronic SCI patients, it is hard to say definitively that the development of DM and hypertension were solely resulted from lower lung function seen in these population. Our results also showed that other factors such as age, obesity and ambulation levels in addition to the lower lung function might have contributed to the risk of DM and hypertension.
In conclusion, this study showed that there might be a significant relationship between reduced lung function and the risk of DM and hypertension in people with SCI. Therefore, systematic measurement of these parameters should be performed in the routine clinical follow-up of SCI patients. Once reduced lung parameters are determined, the higher risk for developing hypertension and DM should be considered and a comprehensive rehabilitation program including appropriate intervention strategies for CVD should be applied in this population who may have few treatment options.
DATA ARCHIVING
There were no data to deposit.
CONFLICT OF INTEREST
The authors declare no conflict of interest.
